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(54) Ga[ta antennii devfca 

(57) The Invention Is aimed at providing a gate an- 
tenna device whloh expands the dJstar^ and range of 
comnuinleatlon with an IO-!ntegrated medium and Im- 
proyea the aocura^ of eommunleatlon white suppress- 
ing power consunnptton and leakage electric fields. 

A gaife antenna d©w!c« having a plurality of loop an- 
tennas which ^supplies |>ower and tran'emisfiion data to 
an iC-lntegrated medium through electromagnetic Induc- 
tk)n and acquires reception data In the form of a fluctu- 
ation of a load from the IC-integrated medium. The plu- 
rality of loop antennas Ir^clude a pow^r^ed loop antenna 
to which a signal current is supplied and a non«pDwer» 
fed loop antenna to whl4:h no signal current Is supplied. 
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Description 

<F1ELD OFTHE INVE-miON> 

s [QDOl] . it 16 an objeo; of the present invention to provide a gate type antenna device which Is preferably uaed In an IC- 
integrated media reader or reader/writerfor supplying power and transmission data to an IC<)ntograted mediLrnv e.g., a 
non*eontaat IC card and acquiring reception date In the form of toad fluctuattons from the non-contact IC card, ^ 

<BACKGROUND INFORMATION^ 

[ODOZ] For purposes; such as authentication end sorting of destinations of baggage. It Is becoming common to u&e (C- 
integrated media having ID codes soch as IC cards and tO tags end IC-iniegrated media readers end fC-integrared 
media readers/Wiitanj tor authenticating ID codes of sgch fC-integrated media. When en IC-fnteg/ated medium errtore 
a comrnuntoatlon ranoe cf an antenna of an IC-lntegr^red msdla readsr, an electromagnets wavetrom the antenna 

15 generates en inducttoii voltage at en antenna of the id^'lntegrated medium^ and me voltag« is rectified Into power and 
transmission data which are then supplied to the IC< Jn the )C-lmograted medium to which tne power has been thus 
supplied, qcoDrding to data read from a memory incorporated therein, a switch is turned on/off according to 1s and Os 
In tne data by, Sbr e^campie, a moduiatlDn olroun which la formed by a load resistance and a ewit&h and whksh is connected 
to the antenna- Thesvirftchlng on/off results In a Tuctuatton of a load applied to the antenna of the lC^^tegraled medium. 

» and the.load ffuctuatforr is transmitted to the antenna of the IC-integrsted media reader or reader/wrrter as a signal. The 
transmitted signal Is demodulated bythe IC-integrated media reader or reader/Wrtterto allow execution of authentiiMtion 
of the ID code (for example, see JP-A-1-1 2$785 and JP<A-2000-1 63523), 

[OOttS] In thb OQnne(Stlon« there Is deman d for capabnity of authentteailng ID codes of lOlntegrBted media, for example, 
by passing baggage or commodltlee to which the IC-lntegrated media are attaohad through a baggage gate at an airport 

^ or an entrance or exit of a store. The capability of authenticating ID codes of lO-integrated media « also desired for 
purposes nKe choeWmtj off tha Inventory of a raommodlty which Is placed in a commodity showcase and to which an IC- 
Integrand medium Is attached. Under the circumstance, It Is dsslr^d to use an antenna having stable charBoterlstics to 
prevent erroneous reading and writing. For tWe rea^n, antennas which are fed with very high power and which radiate 
strong fllacbomagnetlc waves are used to allow data to be transmitted and received to and from lOintegrated media 

90 wWihlghrellabiPrty, 

[0D04] In the relaieci are In which a gate antenna device having a plurality of antennas is supplied with power at all of 
the antennas as disclosed In Japanese Patent Lald-Open No» JP'A«2003-2S»85^ a pnpblem has arisen In that power 
consumpuon inca-easeis and In that correction of phase shifts of a reception signal on the cflfferem antennas la required 
especially in communlcailng wlifi a radio oommunlaaflon medium Tor mutual data communication, 
[OOQ$I However, the strength of a leakage electric fleld.Tnom induction-type read^vrlte communication facility is llmrled 
to a dioance of 1 0 meters by the Radio Law, and the use of an antenna that supplies high power in the excess of the 
nmit IS restricted. For Ihls reaaoni a nmlt has been placed on effbna toward increases in power fed to en arrtenna for 
reliable eommunlcaibii with an ic-mtegratedmedrum. The term "IC-integrated medja' ImpHes not only IC media such 
as IC tags, IC cards* ID tags, and ID oards but also various other media which allow radio communication cn a non- 
^ coTTtact basis, 

[0006] An increase in the level of power fed to an antenna results \n a reduction of a communication range, wh wh has 
led to a problem that communication Whn an lolntegrated medium becomes unsatisfactory. 

[OdOT] A muttiplidty af antennas may be provided In order to expand the range of communicaticn with an IC-integrated 
medium. When a muKlpUciiy of entannas la provided, however,' a problem arises in that there will be a corresponding 
4ff inareaseinpowercensumpten.andth1slsdlsadvantBgeausforconstmclbnofa$ystemforwhl 
Is desired. 1 . Field of tine InvantiDn 

<SUMMARY OF THE lNVeNT|ON> 

50 0)008] The Invention solves the above-desoribed problems, anditisanobjectoftheinventlontoprfivldeagateantenna 
device which Is preferably used with an IC-fmegrated media reader or IG-Integraied media readarAvriter to allow a 
reduction In transmTttbg power and Increases In a communication distance and a communication range, to prevent any 
null point In a commuricatian range, and to allow a reduction In tha strcangth of a leakage electric field. 
[0009] TTie Invention! provides a gate antenna devloe having a plurality of ahtonnas wherein the plurality of antennas , 

55 In(*JdaapoWBr4edan1onnatowhlohasignalcurrentlssuppfiedande non-power-fedantennaiDwhic^ no signal current 
is supplied an Induction current originating from an electronic wave radlaied by the power^ed antenna allowing the non- 
power-^M antenna to fsarform transmitting and receiving operations. 

lOOlO] The Invention provides a gate antenna device wherein the plurality of antennas are antennas which supply 
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power to a radio communlcatfon medium through electromagnetic Induction and recefve data rrom tne radio convnunf- 
oaflon medlunru There is an efffecf of enabling the non-pow^r-fed antenna for transmMng ^nd receiving operations by 
• an Induction current origfnaUng from an electro magnetic wave mdiatbd by the power-fed aritenna. 

10011] The Invention provides a gate antenna device wherein the plurality of antennas are loop antennas having an 
5 open plena and which tlia pturallty of ksap antennas Include a powar^fed laop antenna to which $ signal current Is supplied 
and a non-power-Ted loop antenna to whiph no signal current Is suppllecf. There is an effect of enabling the non-power* 
V fed antenna for tranemlttlng and receiving operaflohs by an induction current originating from an electromBfinedc wave 

radiated by the power-led antenna. 

3 10 <BRJEFDESCiPTIONOPTHeORA>AWNGS> 

\ponzi 

Fig, 1 Is a diagram of a connguratton of a gate antenna device aoeordlng to Embodiment 1 of the InventloTi. 

Rg. 2 IB a diagram of another configuration or a gate antenna device according to Embodlmem 1 of the invention. 

Rg. 3 18 a diagram of another conflguratton of a gate antenna device aecordTng to Embodiment 1 of the invention. 

F^, 4 ie a diagram of another configuration of a gate arrtenna device aocording xo Embodiment 1 of the invention. 

Fig. 5 Is a diagram of another configuration of a gate arrtenna device according to Embodlmem 1 of the Inventfon. 

Fig. 6 rs a diagram of another oonfiguratbn of a gate antenna device aocording to Embodiment 1 of the invention. 
20 Fig. 7 Is a diagram of another eonflguralten of a gate antenna device- abcording to Embodiment 1 of the Invenflon. 

Rg, 8 Is a diagram of another configuration of a gate antenna device aocording to Embodiment 1 of the Invention. 

Fig, 9 is a diagram ot a oonf^gurauon of a gate antenna devloe according to Embodiment 2 of the Inventtan. 

Fig. i 0 is a diagram of another configuration of a gate antenna device according te^ Embgdiment 2 of the Invention. 

Pig. 11 Is a diagrarf \ of anoiher Bontlguratlcn of a gate antenna device according to Eirftsodlmem S of the Invention, 
as Fig. 12 Is a diagram of another conflguratJon of a gate antenna device according to Embodiment 2 of the Invanflon, 

Fig. 13 Is a dlagran-i of a configuration of an IC-lntegrated read«r/wr1tBr according to Embodiment 3 of the Invenibn. 

Fig. 14 Is a diagram of a ooTTfiguratiDn of a gata antenna device according to Embodiment 4. of iha Invontton. 

Fig. 15 Is a diagram of another configuration of a gate antenna device according to Embodiment 4 of the invention. 

Pig. 1 6 Is a dlagran*! of arioiher oonnguratlon of a gate antenn a device accon=nng to Embodiment 4 of the Invention. 

<BEST MODE F=OH CARRY1MG OUT THE lNVENTtON> 

[pen 3] EmOodiments of the invention will now be described wim reference to dnawinga. 

[001 4] lC^ntegrated media Include non-contact IC cards and IC-tags, The term "IC-lntegraicd media*' implies not only 
^ IC media such as IC ^s, IC cards, id tags, and ID cards but also various other m«dla which ellaw radio communcation 
on a non-oontaet basis, 

[001 5J A powerred loop anten na is a loop antenna In which self- feeding is performed, La« , a loop antenna to which 
a signal current is Input lay connecting a feeding circuit to a feeding u nit of the loop antenna, the loop antenna thus being 
allowed to radlata an el^iotromag natic vrave by Itself to Its surrounding. 

^ [001 6] A non-power-f sd loop antenna Is a loop antenna In which no self-feeding is performed. When % is stated that 
no selSfeedlng Is perfcu-med, it means that no signal current is directly electrically supplied to a feeding unit of a loop 
antenna, and the stateriient does not Imply a loop antenna to which a current is supplied based on mutual Inductance 
atmbutabte to an eloeiromagnatic wav© generated by another loop antenna. In the context of the present speoiflcsilon. 
a norhpower-fed loop antenna le a loop antenna to which no feeding circuit Is oonneoted or to which no signal current 

^ IS electrteally directly supplied even though a feeding circuit Is connected and at which a current can be generated by a 
magnetic field supplied from arrother loop antenna (which may either be powered or parasitic), 
[0017] A power-fed loop antenna can be easily changed to a non-power-fed loop antenna and vice versa by a>nnsdt]ng 
or disconnecting a feediing circuit and a power source to a feeding unit of a loop antenna. 



so (Embodiment 1) 

[001 &I Rga. 1 . 2, 3. 4, 5, 6, 7. and 8 are configuration diorama of a gale antenna device according to ^bodrmerrt 
1 of the Invention. 

4, [0019] Refefenoe' numeral 1 raprasents a gate antenna devloe; reference numeral 2 represents a pawar-fed loop 

ss antenna; reference numeral 3 represents a non-power-^ed bop antenna; referenda numeral 4 represents a feeding unit; 
reference number 5 reiaresatfta a terminating resistance; reference numeral 7 represents an electromagnetic wave 
feakage piwention pfato; reference numeral 8 represents a magnetic plate; reference numeral 9 represents a resonanoe 
circuit; and reference numeral 10 fepresents a matching olnculL 
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10020] Rist, a basic connguranon of the gate antenna device l wlU t>e described with reference to Ftg. 1 . 
(d02l] Each of the pow^r-fed loup antenna 2 and the non-power*fed loop antenna 3 may be a (oop antenna which 
hs6 an openinfl rn the mWdle thereof and ^ivhosa number of turns la one or more. The pcwrer-fed loop antenna 2 and the 
non-power-fed loop antenna 3 are distinguished from each other depending on whether there \s a feeding unit 4 or not 

s (or whether power is f^sd or not}. The oonliguratbn of the loops ma/ be any of circulari elliptic, substantially reccangular, 
^ and polygonal configuirailons. Further, the material of the loop antennas may be appropriately selected from among a 

conductive wire nnasetiial made of metal, a plate material made of metaJ, a foil material made of metal, or a tubular material t 
made of metal. The |;»wer-fed loop antenna 2 and the non-power-tad loop antenna 3 may be formed in the same 
configuration from the same material, and cjirf^rent materials may alternatively be used. 

10 [DD22] AS apparent from Fig. 1, the powei^fed loop antenna 2 and the non^power-fed loop Eintenna 3 are provided ; 
adjacent to each other, and the antennas are desirably disposed such that their open planes which are principal planes 
defined by loops sire aiibsiantfaJI/ in parallel with each other. The reason is that an efoctromagnetlc wave radiated 
t>y the power-fed loop antenna 2 Increases the magr^ltude oT an Inductfon current generated ai The rfon -power-fed loop 
antenna 3 whan tho planea are subetantrally In panajlel wrth aach other, which makaa It possible to generate a cun^ent 
and a radlatbn electro magnetic wave af the non-power-4ed loop antenna 9 effectively. Referrf ng to the (nterval between 
^e power-fed loop antenna 2 and th» non-powar-fed loop antenna 3, it Is desirable to malmain such a distance that a 
$Uffldent Induction current win be generated ar the non-power-fed loop -antanna 3. Slnos auch a distance or Interval Is 
detemiined by the str^mgth of e magnetic and electrlQ field whteh are generated depending on the strength df the 
currentsupplled tothe power-fed loop antenna 2, an adjustment Is desirably made taking those factors Into consideration. 

^ Desired operations can be achieved even when the open planes are disposed at some angle to each other instead or 
. being substantially in j^arallel with each other. 
[QQ23] The feeding unit 4 is connected to the power^fed loop antenna 2 to supply a signal current having a desired 
frequency to the samw, and an electromagnetic wave fs consequently radiated by the power^fod loop aritonna 2. The 
feeding unit 4 may be constjtutad by an indopendant signal source and may be connected to a transmlsston^recepilon 
oircuit oonnected to a <;Dmmunication apparatus. The feeding unit 4 la not connected to the non-power-^ed loop antanna 
3 and, even when they are connected, no power leeding operation Is performed in prarste. 
[01^41 Operatlone of the gate antenna device 1 will now be described. 

[Ottt^ When a signal current Is ted to the power-4^d loop antenna 2 from the feeding unit 4, ^ high frequency current 
vfhlch undergoes tem;|n»ral changes is generatad, The temporally changing hl^h frequency current (represented by 11 ) 

30 generates magnetic flioc In the power^ed loop antenna Z according to the screw law. The magnetic flux which undergoes 
temporal changes In the power-^ed loop antenna extends also through the non-power-fed loop antenna % and repliant 
mutual inductance generates an Induction voltage at ihe non-power-led loop antenna 3 to cause a high f requeno/ current 
12 to ftowthrough a load resistance which is presem In the non-power-red antenna 3. Further, the high frequency current 
12 which undergeas tisimporai changaa generates magnetic flux In the non-power-fed loop antenna 3 according to the 

X screw law, That is, an aiectromagnetiG wave can be radiated by the non-power-fed loop antanna 3 too« and the non- 
pewer-fed laep antenna 3 can therefore operate aa an antenna similarly to the power-t^d loop antenna 2. 
[Q02S1 When an IC*!ntegratBd madium is present In a region between the powaMad loop arrtenna 2 and the non- 
power-fed loop antenna 3 in such a State, an Induction voltage Is also generated at an antenna of the IC-Integrated . 
medium, and power ajid transmission data are thus supplied to Uie IC. When the power Is fed, a load fluctuation occurs 

^ at a modulation drcuH: of the lOintegrated medium comprising a swftoh and a load drault, and the load fluctuation Is 
dlreoly transmitted to the power'fed loop antenna 2 by the action of mutual Inductance. Omerwlse^ the load fluctuaton 
Is transmitted to the power^ed loop antanna2thmugh the non-poweNfed loop entannaS and demodulated at a receptbn 
clrouft to allow autheni jcatian of an ID coda. 

[0027] Since not only the power-fed loop antenna 2 but also the non^power-fed loop anteiina 3 has an effecdvs 
^ communlcaflon range consequently, the communication distance and communlcstlon range of ihe device as a whole 
are increasad Further, since no power Is fed to the non-power-fed loop antenna itaelf, the required power is smalL 
Therefore, there is an advantage that power required for the gate antenna dsvlce 1 and an IC-'mtegrated media reader/ 
writar syatam utilising the same can be reduced. Furthermore, since there is no need for expanding the communlcatfon 
range only with the pcnwer-fed loop antenna 2, the amount of power fed to the power-fed loop antenna 2 can be also 
so reduced. This advantageously albws a further reduction In power consumption and makes an efTeoUve contribution to 
suppression of the strength of leakage electric fields defined In the Radb Law. 

[002^ WhIleRg. 1 shows a case In which there Is one each power-fed loop antenna 2 and non-power-fed loop amanna 
3, the number of aach amanna may be two or more, and there may be three or more antennas in toral. In this case, the 
power-^ed bop antennas 2 and The non-power-fed loop antennasSaro preferably alternately a nanged in ordenolrcrease 
^ the communjcation distance effectively, but thay may ahamatively t:>e arranged successively. The altemate arrangement 
allows an Induction cun'entio be effectively Induced atthe non-power-fed loop antennas 3 by the power-fed loop antennas 
2. The gate antenna diivlce Isslmllar effective when used In an IC-integrated media reader which perfonns reading tram 
IC-lntegreted media only and when uaed In an IC-lmegratad- media reader/writer which also perfonns IC writing. 
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(0020} R9. 2 shows \% sHufitlork in which QloctrDmagnetic wava leakage prevention plate 7 is provj^^d outside the 
power-fed foop antenna 2. The electrornagnetic wave leakage prevention plate 7 Is provided outside a regksn in vvhicJi 
The two bop antennas Faeas each othor, and (t Is provided at least outside the power-fed loop antenna S ae shown in 
Rg. 2. Another plate may be also provided outside The ngn-power-fed loop antenna 3 as anown in Rg. a The leakage 

^ prevention pleile may bia In vanaua forma. I.e., It may have a plate-fike, cheet-Hhej nim-liKe or box-Tike conflfiuradpn, and 
the thickness, strength and size of the same nnay be appropriately determined according to required speotfloations. A 
m^l plate fs normally used as an electromagnetic wave leakage prevention plate 7. The frietal place may be In varloua 
forms, l.e,, It may hove piete-liKe, sheeMike, orfllmHlKe etf}nflguratton, and the thickness, strength and size of the same 
may be appropriately determined according to required specmeatfons, The metal plate may be made of a single metal 

70 element and ]t may aRernativflV ^a an alby. It may be formed separately from the leakage prevention plate, the magnede 
plaie, and me antennaf^ and it may altematfveiy be formed integrally with some or all of those etements. 
IP03D] Rjrther, the iragnetic plat© may be in various fomis, l,e., It may have a plate-iike, sheet-like, film-Ckc or box- 
like conflguf atlon, and the thickness, strength and size of the same may bo appropriately detenruned according to 
required specjficatlorts. 

t5 [D031] An electromacinetlc wave leakage prevemton plate 7 1b desirably provided at a predetermined Interval from a 
loop aritenna. The reaeagn la that, when the Interval approaches about 3 cm In an RF-1D system utilizing the 13. 56 MHz 
band, the impedance of this loop antenna becomes similar to char \n a shorted condition in which substantially no 
elQctromBgnetlc' waive ris radiated* This Is because magnetic flux generated at the antenna penetrates through the 
elecifomagnetle wave leakage prevention plstte 7 to generate an eddy cuaent on the electromagnetic wave leakage 

20 prevention plate 7 and the eddy current generates magnetic flux In the opposite direction which offsets the original 
magnetic flux, if the ifrten^l between the electromagnetic wave leakage prevention plate 7 and the loop ameiina Is very 
small at this time, the magneile flU3? penetrating through the oleotromagnetlc wave leakage prevention pJaze 7 becomes 
large, and the eddy cuitent becomes large accordingly, it Is therefore desirable to dispose them at a predetermined 
Interval. 

^ [0O32I The electromzignetlc wave leakage preventbn plate 7 is constituted by a metal plate or conductor plate to 
prevent leakage of an 'Stectromagnetic wave generated by the loop antenna. It Is Iherettore possible to prevent any 
adverse effect that te otherwise exerted on other radio apparatus and electronic apparatus pravantin ttia vidnlty of the 
gate antenna device 1 jand id prevent any influence of electronic waves from the other radto apparatus and eleotr&nlc 
apparatus. Since the rron-power-fed loop antenna 2 also generates an electromagnetic wave, it is further daslrable Id 

90 prevent the electromagnetic wave rrom arrecilng the surroundings of the same, Therafbre, anotharelectromagnmlcwave 
leakage prevention plate 7 Is preferably provided outside the non-power-fcd loop antenna a as shown in Fig. 3 taking 
the dlsposltlan and oost of the same into considaration. Since the non-power-fiad loop antenna 3 Is made to oparata as 
* an antenna by an Induction current originating from the electromagnetic wave from the power-fed loop antenna 2, any 
Influence of other radio apparatus must be avoided. For this reason, ft Is dsslrabte to provide nn electromsgnetb wave 

a? leakage preverrtlon plate 7 for me same. 

[0033] Especially, when combinations of the power-ted loop antenna 2 and the noo-povi/er-fed loop antenna d are 
afterna»ry arranged to configure a multiplicity of gatea. It may sometimes t>e desirable to have each erf the gates operate 
separately and independently. For example, such ari arrangement is desirable when each of the gates Is used for IC- 
tniegraied media of a different type, nnodulatlon /demodulation method, and frequency band. In such a ease, slnoe It Is 

^ important to prevent any mutual Interfenanoe between drffereni gazes, it la daslrafale to provide an electro msgnede wave 
leakage preventton plate 7 at each of gaps between the gatea. In such a configuration, metaJ plates are provided In 
advance In the vicinity of the antennas and are matched and adjusted to amenna Impedanoe at thattlme, whl^ eifminates 
a needfor adJustmenrThai is otnerwise required to cope with Influences of the surroundings especially when the antennas 
are installed In the vidnlty of structures made of metal stich as a wall. It Is therefore possible to Improve convenience 

«5 of th« device in that It oan be easily tnstalled. 

[OOM] - Next, R^ 4 shews a case In virhlch a magnetic plate & I9 provided between the electrcmagneTle wave leakage 
pravantion plate 7 and the power-fed loop antenna 2. Since the magnedc plate 8 Is provided on a side of the power-fed 
bop antenna 2, a high danstty part of magnotio flux is concentrated at the magnetic plaie 8 on a side of the power^fed 
loop antenna Z^ which aiilows a loop (closed circuit) of magnetic flux to be formed effidently. Funher, by pnaviding an 

60 arbitrary gap behveen ihe magnetic plate 8 and the electmmagnetic wave leakage prevention plate 7, a part of the 
magnetic flux Is allowed tp pass through the gap» which allows the magnetic flux to reach the region sun^unded by the 
power-fbd loop antenna. 2 and the non-power^ted loop antenna a efficiently. Further, since the electromagnetic wave 
leakage prevenflDnplabs 7 is kept cut of the region where the magneto flux concentrates by providing the arbitrary gap, 
•the eddy cunrent generated on the electromagnetic wave leakage prevention plate 7 can be naduoad to reduce any force 

^ that Interfere with the magnetic flux. 

[0035] Next, Rg. 4- shows a case In which a magnetic plate 8 Is provided between the eleoromagnetlc wave leakage 
prevention plate? and ti-e power-fed loop antennas. The magnetic flux generated by the power-fed antenna2is reflected 
by tha magnetic plata 8, and the magnetic flux is thus concentraced In^de the power-fed loop antenna 2 or between the 
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power-ted bop antenna 2 and the non«poweMed loop anti^nna 3, Further, when another magnetic plate 8 Is provided 
outside the non-powei'^ed anienna 3 as shown in Rg. 5, the magnetic fJu:^ ean be concentrated rn the gate to a higher 
degree. Especially, when the etectromagnetic wave leakage prevention plate 7 is provided further outwardly from the 
magnetic plate B, theie Is an advantage In that only the nnagnetlc flux can be concentrated Inside the gate wKh the 
5 leakage of an dleetroniagnedc wave prevenied, Obviously, only the magnetto plate B may be provided. 

Since an IndiiCtlon current can be effectively exited at the non-power-red loop antenna S using magnetic flux 
from the power-fed locp antenna 2 by concentrating the magnetic flux Inside the gate as thus described, the non-power- 
fed loop antenna 3 can be efficiently enabled for antenna operations by the power^ed loop antenna Z. 
[D0S7] Thus, the co/nmunbailon range can be fuither expanded, and errors In reading from IC-|ntegratad media can 
be reduced. The powcir fed to the power-fed loop antenna 2 can be also reduced. 

[0033] The electrOrv«agnetlc wave leakage prevention plate 7 and the magnetlo plate 8 desirably have a surfaao area 
that Is about 1.1 times that of the open plane of a loop antenna, Thus, the prevention of leakage of an electromagnetic 
vimve and the concentration of magnetic flux can be balanced with the prevention of an increase in the alzo of the gate 
antenns device 1 , 

is [0039] Wh17a rigs, 1 to 5 lllusiraie a gate antenna device 1 in which a gate is formed by a pair of one each powar^ed 
bop antenna 2 and non-power-fed loop antenna 3, two or Tiore loop antennas may be provided In the vertical olfectjorr 
according to the shapis and size of a gate to be configured to provide a gate antenna device which accommodates a 
gate having a conftguration that g longer in the vartical drectlon. 

[0040] iMext, Rg. 6 «rhaw5 a situation in which a reeonancse circuit 9 Is connected to the non-power-fed loop antenna 
^ 3. Transmission an iei»ptlon can be efficiently performed at, a desired frequency by generating a reaonadng condition 
at the non-ppwer-fed loop antanna 3 with the rwonanoa circuit 9 connected thereto » The resonating condition Is expressed 
by Equation i. 

to = 1/27c7"LC 

(Equation 1) 



90 [0041] A loop antenna includes an IndLictor component generated depending on the shape of tttd loop and a resistance 
cornponent residing In the metal material or whicn the loop antenna is fomned. Therefore, a resonating condition can be 
easily achieved by connecting a capaci^e component to the inductor component in series. Especially* the use of a 
variable capacitor having a volume (e.g., a trimmer capacitor) as the capadcive component Is more effecth/e In that the 
resonance frequency <an be varied. The resonance circuit 9 can be provided by connecting a capacity 100 In parallel, 

35 and a vanable capaon)' may oe used as the capa^ 1 oo to provide a resonance cfrcutt 9 which accommodates changes 
In conditions. 

[0042] Obviously, Vn^ resonance circuit 9 may be configured by connecting a capacitor and an (nductar in paraJleJ with 
each other. 

[0043} New, Fig. 7 shows a case In which a matching dncuit 10 is connected to the non-power-fed antenna 3. The 
^0 non-power-'fed antenns 10 Is used for impedance matching, Spedncally, the matching circuit 10 Is configured using an 
Inductance and a capacitor such that matching with an impedance of 50 ohms or 750 ohms is achieved. The Impedance 
□f the matching circuit 10 is preferably determined in constderetion to a combined resistance which will be formed by 
the Impedance and ati»m\lnatlng resistance 5, It Is preferable to improve thQ flexibiftty of Impedance matching by utlteing 
a variable capacity and a variable I n^ctanee effectively. In partlcu [ar, it Is desirable to determine Impedance compo nents 
^ of the matohlng olrouit 1 0 in consideration to reristive components of the terminating resistance S, Inductance components 
of the loop antennas, iind capaCitive components of the resonance circuit 9. The matching clrcaiilt 10 can be pnsvided 
by connecting a aapsGlty 1 91 in series, and a vaiiable capacity may be used as the capacity 1 01 to provide a matching 
drcult 10 which accommodatas changes in ocndltlons. 

(PD441 The fnatchln^i circuit 10 substantially eliminates unnecessary reflacted wavea attheterminal resistance 5, and 
so this is advantageous In that energy loss Is reduced: an eleetrpmagnetfc wave Is more eftiolently radiated from the non- 
power-fed bop antenna 3; and communication with an IC-lmegraxed medium can be performed In an Increased range 
at an Improved level. 

[0045] While matching circuit 1 0 Is desirably connected along with the njsonanca circuit 9, It may be connected ajone 
depending on sKuatto^ts. as shown in Rgs. 3 to 6 Jt Is also preferably used with the eleestromagnetic wave leakage 
^ prevention plate 7 and the magnetic plate 8, 

[D0461 Next Rg. 8 shows a situation in which the power-ted loop antAnna2 Is surrounded by a comb-type conductive 
line. 

[0047] Refarenoe ntrmeral 1 1 represents a comb-type conduolvft line which covers the power-fed loop amenna 2 so 
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as to suround the antenna. By provicdng the eomb-type eonductive Itna 1 1 such that It surrouncis the power-fad roop 
antenna ^ distant electric fields radiated from the power-fed loop antenna 2 are reduced. Since there is a rest^on on 
the leakage of electric fteJds from the gaie antenna davioa 1, it ic desired to efflolantly . limit such leakage without any 
adverse effect on antenna performance. 
s [004a] As descrloed above, by providing the power-fed Joop antenna 2 and the non-power-fed loop antenna 3 adjacent 
to each othar, an Induction current generated at the non-power-fed loop anrtenne 3 enables the antenna 3 to operate as 

*' an antenna capable of transmMng and receiving an electromagnetic wave, it is therefore possible to expand the range 

and distance of GOrnmiinication with en IC-lntegrated metilunn and to Improve th« level of oommunlcailon with the power 
fed to the antenna Kest low. As a result, It becomes poaalble to r^d and write an IC-lmegraied media efficiently with 

« 10 small power coneumption. 

(Embodiment 2) 

[004Q Rga. 9, 10, 11, and IS ereconfrgLiration diagrams of a gate antenna device according to Embodiment 2 of the 
w inveniioh, 

[0030] Reference numeral 1 5 represerits a gate antenna device, and reference numeral 1 6 represents a loop antenna 
aetr The loop antenna j»et 16 is an antenna set constituted by a combination of a power-fed loop antenna 2 and a non- 
pbwer-fed loop antenna 3. As shown in Rg. 9, a threenjlmensiortal space is represented by three axes, Le., X. Y, and 
Z BX9S, and a loop ant'onna set 1 6 Is provided on each of four planes defined by the X and Y axes. Specifically, a line 

2D drawn substantially Vertlcalty to the X-Y plane or drawn along the 2 axis la laterally sun^unded The loop antenna seta 
16 provided on the four lateral planes surrounding the line are disposed such that they cross each other at a crossing 
angle of about 90 deg. That Is. they may be disposed In the form of a square or rectangle when viewed In the dlreotlon 
of the 2 axis* AJtemailvely» they may be dteposed at creasing angles othar than 90 deg or may be disposed In the form 
of a rhombus when shewed In the direction of the Z axis. The disposition may be determined in consideration to the pfacs 
wtiere the gale antenrui device 1 Is Installed and the oommunlcatton specificaittons of the same. 
[P051] /n Rg. 9, one loop antenna set 1 6 Is provided on each of the four lateral planea. Each of the loop antenna sets 
19 Is oonatltuted by a C9mbinatlen of a power-fed loop antenna Z and a non^wer-fed loop antenna 3. Loop antenna 
sets 1 6 adjacent to eaeli other are desirably disposed suchihat each othar's power-fed loop antennas 2 and non-power* 
fed loop antennas 3 ac('o1n. SpeclftoalV, ^e loop antennas on the four lateraj planes are disposed such thatthe power- 

50 fed loop antannaa Z and the non-power-fed loop antennas 3 alternate. Thus, es described In Embodiment 1 , an inductfcn 
current ts effldently Induced at each of the noni3ower-fed loop antenna 3 by an electromagnetic v^ave radiated by the 
power*fad antenna 2, wliich rosults in an effectof improving electromagnetic wave imnsmlcllng and rcoelvlng partonnanoe 
of the non-power-fed loop antennas 3. Specifically, an Induction oun^nt is generated at a non-power-fed loop antenna 
S by an fileotromagneElc wave radiated tiy the power-fad loop antenna 2 included in the same loop antanns set 16 to 

^ which the antennas belongs. Further, an Induction curremis also generated by an electromagnetic wave tram the power-, 
fed loop antenna 2 induded In another loop antenna sat 16 located adHacent thereta As a result, the non^warrfed 
loop ar\tenna 3 Is also ^nabl^ for transmlssbn and reception of an eteotromagnetio wave and is therefore enabled for 
communieatioh with an IC-lntegrated medium. Obviously, since a terminating resistance 5, a resonance dmuit d, and 
a matching circuit 10 are connected to the non^sower-fed loop smtertnas 3 as described in Embodiment 1, reflected 

^0 wavfts can be advantageously attenuatad. By proving electromagnetic wave leakage prevention plates 7 and magnetic 
plates s outside the power-fed loop antennas 2 and the non-power^ed loop arrtennas 3 or on outer sides of the region 
surrounded by the loop antenna sets 16, an advantage can be also achieved in that unnecessary leakage of eieoiro- 
magnstlo waves can bei prevented to oonoentrate magnetic flux In the region surrounded by the loop antenna sets 16. 
At this flme, the eiectroinagnetlc wave leakage prevention plates 7 and the magnetic plates 8 may be formed such that 

45 they cover the loop antisnna sets 16 as a whole, 

j;Dt)523 Since the loop antenna sets 16 fomied by power-fed loop antennas 2 and tha non-power-fed loop arttennas 3 
are providisd on the four lateral planes, communication with an IWntegrated medium can tDe very efflclenily performed 
In the range surroundet;! by them because electromagnetic viraves are transmitted and received by aach of the power- 
fed loop arrtennas 2 and electromagnetic waves are bwsmitted by The non-power-^ed loop antennas 3 which operate 

so on rnduofcn cun^nta from the power-fed loop antennas 2. Specmeeliy, when an article ha^ng an IC-Integrated mecinum 
attached thereto Is present In the region surrounded by the toop antenna sets 16, communication Is established between 
the artlole and any of the power-fed loop antennas 2 and the non-powe^red loop antennas 3 located on the four lateral 
planes, which Is advannigeeus In that communtoatlon with the lOlntegrated medium Is ensured. Further, communication 
with the IC-lmeg rated niedlum can be performed In a wider range with higher reliability' than In a case wherein a power- 
ted loop antenna 2 and a non-power-fed loop antenna 3 are disposed In a ftee^-face relationship as descn^bed in 
Embodiment 1, Furthermore, the efficient use of the non^pqwer^fed loop antennas 3 allows power consumption to bo 
Kept low and also eUowa the powerto each power-fed loop antenndS to be suppressed, and the leakage of electro magnetio 
waves can be prevented as defined In the Radio Law. 
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[0053] While Rfl. 9 IHuairatcs the loop antenna sets 1 6 aa being prQVi*d on four lateral planes, they may be provided 
on three lateral planes or five ore more planes. While a loop antenna sat 1 6 Mas been dasorfbed as being formed on 
each plane by one po^^er-fdd loop antenna 2 end one non*power-ted loop antenna 3, It may alternatively be formed by 
two each or more power-fed antennas 2 and non-power-fed loop antennas 3. It Is not easentlfll to provide tho same 
s number of power-fed toop aniennas 2 and non-power^red loop antennas 3, and the number or the non-power-red loop 
antannas 3 mety preferably ba Increased to suppress power eonsump^n further depending on oammunbation spedfh 
cations. 

[p05^ The X, Y, arid Z axes In the drawings and desorlp'tion have been used only for convenience In describing a 
three^lmenslonal spiice» and it is obvious thatthay do not constitute an absolute basis tor position measuring. 

10 [0055] Rg. 10 shows a case In which toop antenna sets are provided on four lateral planes on an X-V plane and in « 
which signals fed to the loop antenna sets respectively are at different phases. Reference numerals 17. 18« 19| and 20 
represent ttie loop an1:enna sets. The signal fed to the power-fed bop antenna 2 Of the loop antenna set la, the signal 
fed to the powered b^op antenna 2 of the loop anrenna set 19, and the signal fed to the power-fed loop antenna 2 of 
the loop anxenna set 20 have phase d9ffierances of SO deg, 1 80 dsg, and 270 deg, respectively, on the besls of the phase 

IS of the signal fed to th&> power-fed loop antenna 2 Included In the loop antenna set 17. That ls, each of ttie loop antenna 
sets 1 7 to 20 provide^! on the four lateral planes has a phase difference of 90 deg. and the inWal phase returns after a 
tour of the antanna splits, 

IQ0SS\ Since each cif the signals fM to the loop antenna sets 1 7 to 20 provfded on the four latenal planes Is at a phase 
difference of dO deg as thus described, the phase of a magnetic field, whioh is a combination of magnetic fields radiated 
^ between opposite ones of the toop antenna sets tempomii/ and spatially rotates In the region surrounded by the loop 
antenna sets 17 to 20. As a result, the rate of communication such as ID recognrtion from an iC-lntegrated medium can 
be Improved regardlejas of the Inofination of the medium, 

[0057] Fig, 1 1 shows a gate antenna device 1 5 in which a large non-power-fed bop antenna Is provided at an opening 
defined on a plane In the direotlon of a Z axis in a region surroundBd by four lateral planes fomned on an X^Y plena. 

25 (0058] Reference numeral 21 represents a laipe non-powef-^ed loop antenna which Is a toop antenna having an 
opening large enough to cover a regbn defined by loop antennas 16 provided on the four lateral planes on the X-V 
plane, Atthls time, an inducflcn cun-ent is generated at the large non-power-fed bop antenna 21 by an electromagnetic 
wave from epower-feij loop antenna to enable the antenna 21 for transmitting and receiving operations. WhUethe large 
non-power-fed loop antenna 21 is spedfied as l^e** for convenience because 1^ has the opening which covers the 

30 region defined by the Hoop antenna sets 16, It is obvious that the lo^ antenna Itself Is not required to be large in light of 
the ge naral concept of such an etement. Although the large non-power<ed loop antenna 21 is provided on the 2 axis In 
Fig. 1 1 for eonven1sn£ie of dfiseripfjan, the positional relationship between the X, V, and Z axes is not limited to Fig. 1 1 , 
When the loop antenna sets 16 are provided on four lateral planes defined on the basis of the X and X a^ds. White the 
loop antenna sets 1 6 >vh1ch are combinations of a power-fed loop antenna 2 and a non-^power-fed loop antenna 3. there 

35 Is no restriction on au* comblnationB and, for example, two or more power-fed loop arrtennas 2 may be provided on 
eaoh of the four lateial planes. With such a gate antenna device 15, the directivJty of an electromagnetic wave Is 
maintained substantially fn all direcfions in the region surrounded by the loop antennas to fbrm a communication area 
which has no null polnL 

lODSd] A gate antenna device having the above-desorlbed configuration Is advantagoous In that communication wKh 
^ an fC-integrated mecflum can be established regardless of the onentatlon of the . medium when an artSda to which the 
IC^nteg rated rnadlum Is attached moves In the direction af the Z axis. For example, let us B6BU 

Is employed for a ga^ antenna device through which pieces of baggage having iC-integrated media such as lO cards 
attached thereto pass one after another, e.g,, a baggage oheck gate or distribution check system- in such a case. IC- 
imegratsd media will be In a variety of posHSons and orientations. The bop antennas provided oathe Xi Y, and Z axes 

^ are advantageous in tluat they ensure communlcatJon and substantially miss mo medium. Eapeclally, an effective conrv 
municatbn range can provided by dlspoalngtha greatest opening in the moving direction of pieces of baggage having 
iC-lntagretad media atmched thereto and disposing the targe non-power-fed loop antenna 21 at the opening. Since a 
part or the loop antenna sets 16 are non-power^ed loop antennas 3 and the large non-power^ed loop anienna 21 ts 
also supplied with no power, power consumption pan be very low. and leakage of electromagnetb waves can be reduead, 

^ It Is therefore possible to configure a gate antenna device which allows reliable oommunloatlon with IC-integrated media 
while being user-rnemlly in that It exerts bss Influence on the surroundings and consiunr^ less power. 
[0060] Although the l&rge non-power-fed toop antenna 21 Is provided only on one side of the bop antenna sets 16 tn 
the direction of the Z cMis, it may preferably be provided on t»oih sides of them. 

[0061] Fig. 12 shovifd s gate antenna devloe designed on the basis of a six-sided booy that Is present In a three- 
dimensional apace reiaresented by X, Y, and Z axes. Reference numeral 22 represents the gate antenna device, and 
referenoe numeral Z3 represents an open plane which is formed by power-fad loop antennas 2 and non-power-fed bop 
antennas 3. 

[0062] The open plane 23 ts an open plane virhlch Is provided on any one or more ebes of the sbc^lded body. For 
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e;cample, such a gate ant^na device 22 may be tnoorporaind In a commcicrrty ehowcase, The open plane 23 rrray be 
provided on any one side or two «r more sides. 

pi063] The gate anti;nna device sz is configured by disposing one or more power-ted loop antenna^ on sides or the 
sU-slded body other than the open plane 23, non-power-f©d loop Bntennas 3 being disposed on the remaining sWes 
that are available, in Fig. 12. there is one power-fed loop antenna 2, and the remaining four antennas ar^ non-power- 
red loop anTennas 3. Two or more povver-fed loop antennae 2 rnay be pnavlded, and loop antenna sets 16 as dedortbed 
with reference to Rg. " 0 may be provided on each side of the six-sided body. 

[0094] In the gate BPitenna dovjco 2Z having such a eorfflgurat|on» an indu^on current Is generated at the non-powar- 
fed loop antennas 3 t?)( an electromdgn^tic wave radiated by the power-fed loop antenna 2. Thus, the non-ppwer-fed 
loop antennas 3 is al^o enabled tor electromagneffe wava transmitting and receiving operattons. and all of:'the loop 
arrtennas operate as antennas. As a result, communication can be established with an IC-rnt^grated medium preserrt 
]n the region surrounded by the loop antennas regardisss of the orientation of the same. Transmission and reoepiton 
can be perlbrmed at a desired frequency by connecting a terminating restetaneo, a matiJhrng cfrouHi and a resonance 
circuit to each of the non-povi^Nfed loop antennas 3, Therefore, whan a certain frequency Is specified for com munica'don 
with IC-1rt©grated media, communtesdon is further ensured by connecting a resonance circuit according to the 6peoifl- 
catlon. 

tPOSQ For example, when the gats antenna device 22 is mounted in a commodity showcase, rt can reliably commu- 
mcate with an IC tag ffltached to a commodrty displayed therein. Further, when the eornmodity Is taken out from the 
showcase, the sftuatiort is recognized through oommunbadon. As a result, a commodHy managing system can be easily 
oorrfigured, and.commodi^ management can be efficiently and easily oarrfed out It is obvious that the use of the nen- 
power-fed loop antsnnias 9 albws such advantages to be achieved with power consumption kept very low. 
[006^ When an electromagnetic wave leakage prevention plate 7 or magnetic plate S is provided outside each of the 
loop antennas, there will be an wffflot of preventing the leakage ofanelecttomagnetic wave and conaontrating magnefc 
flux In the Inner region surrounded by tne toop antennas efflolently* Such an effect can be easily achieved by mounting 
the gate antenna 22 In a shalf board that is caonslitutBd by an electromagnetic wave leakage prevention plate 7 when 
the antenna te mountecJ In the showcase. 

IPD67] By disposing the loop antennas and the loop antenna sets 1 e on eaoh of the X, Y. and Z axes appropriate ly In 
the three^lmenslonal space described above. It Is possible to configure a communication range "m which substantrally 
no null point exists for an IC-lntegraied medium existing In or passing through the region. The lC-]ntegrated medium 
can therefore be reliably read and written in a wide range. Further, the effective uTllteHiion of the nan^wer-fed toop 
antennas allows a great reduction In power consumptton and a reduction in leakage electromagnetic waves. 
[0068J Although loop antennas "m a loop-like configuration having an open plane have been described, the description 
hDkds true for not only loop antennas but also a variety of antennas including linear or bar-shaped conductor antennas, 
rod antennas, pattern amennas whieh are conductors printed on a substratOi helical antennas, chip antennas, and 
meander antennas. 

(Embodiments) 

[!D069] Rg. 13 is a configuration diagram of an lC-integrated media reader/wrlter according to Embodiment 3 of the 
^ inyenilon. 

IPOTO] Reference numeral 30 represents an IC-integrated media reader/writer; refepsnca numeral 31 represents a 
gate antenna device; rcyfarence numeral 32 represents a power^ed loop antenna; referenca numeraJ 33 represents a 
non-power-fed loop antenna; reference numeral 34- represents a reader/Wrtier apparatue; reference numeral 35 repre- 
sents a display; and reference numeral 36 represents an IC^lntegrated medium. The iCHntegrated media leader/wrlter 

<s 30 may perform reading) from the ICnntegrated medium 36 only or may perform also writing nf the IC*integrated msdium 
36. An operation of demodulating a- signal received from tne iC-integratsd medium 36 maybe performed in the tbrmer 
case, and a modulated algnsil may be transmitted to write it' in the IC-lntegrated medium 36 in the latter case. 
[0071] The IC-lntegrsfted medium 3d passes through a region sandwiched t^ the power-fed loop antenna 32 and the 
non-power-fed loop ani;enna 33, At the non-power-fed antenna 33, an induction cun^ent is generated by a temporally 

^ ohanging high frequency cun^nt from the power-fed toop antenna 32 through the action of mutual Inductance, which 
allows the antenna 33 ti3 perform transmitting and receiving operations as an antenna. When the iC-integrated medium 
36 resides In the region at this time, each of the poweNfed loop antenna 32 and the non-poweNfed loop antenna 33 
supplies power and a signal to tha IC-integrated medium SS. That Is, an induotion voltago Is generated also at tiie IC- 
tn tegra ted medium 36, and the voltage Is rectifled to supply power and transmission data to the iC-tnteg rated medium 36. 

S5 [0072] ^A^en the povrer ia l^d, the IC^ntegrated imadlum 36 generates a lead nuotuatlon according to data from a 
memoiy incorporated therein, and the load flucbjatlon Is transmitted to the power-fed loop antenna 3Z diKctiy by tho 
aotion of mutual inductance or transmitted to the power>fed loop antenna 32 mrough the non-power-fed loop antenna 
33. The signal transmitled to the power«fed loop antenna 32 Is Input to the maderAvritar apparatus 34 thtough a trans- 
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mission path. The readeryWrirer apparatus 34 Inoludes demodulation means which demodLJlBtea data from ihe recefved 
signal, error dalegtion iTieane which detects an error In the demodulated data or ©rror correction mearrs which correcrs 
en arror/and autnentlaatlon means which authentlc&xes the demodulated data. Further, . data modulation meana which 
performs data writing cn the IC-intagrated medium 36 Is also Included as occasions demand. 
5 [0073] Referring first to wrnngi data modulated by the data modulation means are transmtned fnsm the loop antenna 
to the JC-lntegrated medium 36 concurrently with the supply of powerto parfemi writing 'm the memory In the Integrated 
medium. Aa a rasuiti example, an JD code can be assigned to the iC-integrated madhim 3$ when It passes through 
the region of the gate anienna device 31 on a wireless basts. 

[D07^ Referring nowto reading, tha domodulation means demodulates data from a signal which has been modulated 
10 using amplitude moduJallon, frequency modulation or phase modulation after performing synchronfeatlon detection and 
delay detection on the jtlgnal. Enor deteotlon such as parity check or cyclic code check is performed on the demodulated 
data, and data la rBac<iulred when there Is any en'or. Alternatively, error correcflon such as Vlterbl decoding or Raed- 
Solomon decoding may be performed. 

[00791 The demodulated data fn^m which btwts have been ellmlnaied are subjects to determination at the autherK 
15 tication maans on wheitier the ID code Is correct or not For oxampla. It la determined whetha[r an IO*rntegiated medium 
36 Which has passed through the device has a con-ect ID code Or not, and the result Is output to the display. Thus, the 
IC-lntegrated medium is authenticated on a wireless basis. 

[0Q7G] At this time, since the use of the gate antenna device 31 allows communication with the IC-lntegrated medium 
38 10 be performed In a wide range with high reliability while suppressing power consumption and leakage of eledtro- 

90 magnetic waves aa dQBcribed In Embodiment 1 , reading errors and wnting errora are algnlflcantiy reduced. 

poTT] The gate ant<9nna device 31 may be consmutad by a pair of a powsr-fed loop amenna 32. and a non-power- 
fed loop antenna S3 andi altomatlvBly, a plurality of poweNfed loop antennas and non-powef^fed loop antennas may bs 
atemetely arranged. Alrematlvety , the loop antenna sets may t)e provided In an X-y-2 space which is athree-dimenslonal 
space as shown in Fig. 10. Further, the loop antennas may be prcvldsd on a six-sided body es shown In Fig. 12. 

atf iPtlTS] The display aS may be a liquid crystal display screen or a display screen of a personal computer or It may be 
a simple LED display. When a personal computer Is used as The dbplay 36, It may be used aiao as a processor for 
reeding a processing procedure to the reader/writer device 34. The display 35 may be a device that is Integral with the 
reader/wrtter devk:e 3^^. Alternatively, the authentication moans may be provided as a program in a personal computer 
which Bon^s also as the display 35. The demodulation means, the moduiafion means, the error detection means, the 

^ error correction meansn and the authentication moans may be parttaily or entirety implemented as a dedicated clrculL 
Those means may bs Integrated in an intfigratcd circuit or oonfigured on a software basis. 

[007^ The gate antsnna device 31 may be an Integral device, and a system may alternatlvety be pnovided which 
Includes,b1nary data enabRng the device es a whole and a processing procedune In the form of a program for processea 
thereof. 

35 [POBO] An IC-lniegrsted medlareader/wrrtarlncorporatlng a gate antenna device 31 as described above allows read 
and write on an fO-lntig rated medium for which rellak>le eommunrpation is eatabllahed in a wide communication range. 

(Embodiment 4) 

40 poai] Figs. 14, 15, and 16 are configuration diagrams or a gate antenna device according to Embodlmsnt 4 of the 
Invention. Reference rumerals 3a and 3b represent non^power-fed loop antennas. 

JOQBZ] Rgs, 1 4 and IS show a situation In which non-power-fed bop antennas 3 are provided on both sides of a 
power-^fed loop amenria 3. Specifically, the power-fed loop antenna 3 Is provided such that n is sandwiched by nan- 
power-fed loop antenrtas 3a and 3b, The power^ad loop antenna 2 and the non-power-fed loop antennas 3a and 3b 

45 are preferably prtsvtded such thai their open planes are Ir^ parallel with each other, but they may be arranged differently. 
The Inten/als between the power-fed loop antenna 2 and the non-power-fed loop antenna 3a and 3b are preferably equal 
to or amallBr than a db.tance at which a magnetic field gene rated by the power-fed loop antenna sufficiently contributes 
to the generaUoh of an Induction curranc thiiough mutual inductance. Fuither, the intervals are preferably equal to or 
smaller than a distanos at which a sufficient distance can be maintained to aoow communicatian with an IC-integrated 

so medium present In the vldnity of the loop antennas. 

[0083] As described In Embodiment 1 , an Induction current is generated at the non-power-fed loop antennas 3a and . 
3b under the Influence of a magnetic Held generated by The power-fed loop antenna 2 to generate a current through the 
non-power-fed loop .•antennas 3a and 3b- The current generates a magnetic field at the non-^power-fed antennas 3a and 
3b to aPow the non-]30wrer*fed antennas 3a and 3b tO also operate as antennas which can supply powar and data id an 

ss ic-mtegrated medium. 

[0QB4I In the case af a gate antenna device eonstltutad by a combination of tha power-fed loop an^na 2 and the 
non-power-fed loop antenna 3a only, communication can be established with an iC^ntegrated medium presem In the 
vicinity of those antennas. However, the range of communloation Is smaller for an IC-lntegrated medium present on the 
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side of ths pawar-fed laop antenna s opposite to the side on which the non-power.fed loop antenna 3a exists- Even in 
such a ease, the range ot communlcalion with the IC-lntegrated medium can to expanded by providing the non-pcjwer- 
fed loop antenna 3b on the side opposite to the non-povi/er-fed loop antenna 3a. Speclflralfyi communTpation can be 
established with an iC-lntegrated medium which b located In the spaca candwlohed by the non-power-fed loop antenna 
3b and the power-fed loop antenna 2 as snown in fig, 14 or wnich \s located outside the non-powar-fed loop antenna 
3b. The range of comrnunlcatlon Is thua expanded. That is, by providing the non-pawer-fed loop antennas 3a and 3b 
on both atdfis of the power^ed loop antenna 2 (or providing the power-fed loop antenna 2 such that rt h dandwfahed by 
th« non-power-fad loop antennas 3a and 3b), the power and data can be supplied to an IG- Integrated medium in wide 
ranges on bath atdea gf the power-fed loop antenna 2 by the oontribut'^n of a magnetic field, and the ranfle of oommu- 
nlcation Is thus expanded. 

[0085] At this time, si tenninating resistance 5 and a resonance drcult 9 (not shown) are preferably oonnectsd to the 
non-power*fed loop anlennas to achieve (mpedenoe matching. Although not ilfustratad, an eleotrgm^gnelio wave leakage 
prevention plate Is preJ'erabty provided outside the non-power-fed loop antennae to attenuate a distant electric Retd. 
[008B] It is preferable that the number of the non-power-^fed loop antennas provided on both sides of the power-fed 
loop antenna 2 {a ftinher Tncreased to expand the oommunicatlon range fUnJier. 

[0087] . The confrgur?.tion as shown In Rg. 1 5 axpanos the oommunloatlon range id the distance of non-power-fed loop 
antennas 3c and 3d, iiirhlch makes it possible to provide a gate antenna device which can communlcata with an ic- 
Integrated medium in «i wider range. 

{008^ Even in such a case, s)nce the antennae other than the power-fed loop antenna 2 sr» non^ovver^ed loop 
antennas In whioh r>o setf-feedlng takes place, the power to the power-fed loop entenna 2 can be suppressed, and the 
power consumption of the device as a whole can be also suppressed. When all antennas are powep>fed loop aritennas 
2, It Is necessary to perform a proosBs of absorbing phase diffisr^cea of a signal cunrent between the loop entennas. 
There Is an advantage That the need for such a process Is eliminated. 

[0089] Although Rgsi. 14 and 15 show a case \n which one each non-power-fed loop an^nnas is provided on both 
sides of one power-fed loop antenna 2. and a ease In whidh two each non-powar^ed loop antannas 3a to 3d are provided, . 
respeenvely, three or more non-power-fed loop antennas may be provided on both sides, and norvpower-fed loop 
antennas may be provUted on both sides in different quanfltles. What Is needed Is to provide the m appropriately according 
to apedflcatlona that llie gate antenna device 1 must satisfy. When a turrher expansion of communication range Is 
desired, two or more piswet^ed loop amennas may be provUed as shown in Rg. 1 6. and the power^ed loop antennas 
may be disposed In arbitrary positions relailve to a plurality of non-power-fed loop antennas. 

[0090] The range of i^mmunleatlon with an Ic-fntegrated medium can be further expandad without Inoreaslhg power 
consumpilon by providing non-power-fed loop antennaa on both sides of a power-fed loop antenna or providing non- 
power-fed loop antennias such that they sandwich a power-fod loop antenna. 

[0091] An IC-lntegraiied media reader/writer may be eonrtected to such a gate antenna device, which allows authen- 
tlcetton at a gete of.an airport or Btore or authentication of a commodity using an authantioatlon device to be performed 
In a wide range. 

<INDUSTRIAL APPUCABlLrTY> 

40 [0O92) TheiB IS provided a gate antenna device having two loop antennas which supplies power to an iC-integrated 
medium through electromagnetic induction and acquires reception data in the fonri of a fluctuation of a load from the 
IC'Integrated medium. One of the loop antannas Is configured as a power«fed loop antenna to which power Is fed, and 
the other is configured as a non-power-fed antenna to which no power la fed. Thus, an induction current le generated 
at the non^power-fed loop antenna by an eleotromegnetic wave generated. by the power-fed loop antenna, A current' 

^ can therefofe be generated at the non-power-fed loop antenna without feeding power thereto, thereby allowing also the 
non-power-fed bop antenna to operate aa an antenna which radiates an ele^romagnetic wave« The devloe expands 
the distance and rans<i of communication whh an IC-lntegrated medium and csin therefore be used in appRoatlons In 
which the accuracy of ^vrfting in an IC-integrated medium must be improved 



Ctalms 

1. A gate antenna device comprising a plurality of antennas, wherein the pluraRty of antennas inolude a power^ed 
antenna ig which st signal currant Is supplied and a non-power-fed antenna id which no signal current Is supplied, 
^ charactorlzed In lliat 

a terminating reeietanoe Is coupled In paraUei with the non-power fed antenna. 

2» The gate antenna deviee according to daun 1 , further cheraotbrteed In that. 
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a resonance drcult is coupled to the non-power*fed antenna. 

3. The gate anienns devico according to dalm 2. further chBractertzed )n thpt; 

9 the reeenanes drouit ganeratas a frequency resonant to a desrad frequency and the resonance fnequenoy le 

variable. 

«' 

4. The gate antenna devtce according to dairn further char^ctertced in thet 

« a matching dreult Is connected to th© non-pawer-^ed antenna. r 

* B. The gate anten na device according to clariri 4, furthar c haracterlzed In that: 

the matching circutt is coupled betivaen the noni3ower4ed antenna and the termrnatlno resistance. 

IS 

The gate antenna device according to claim 4^ or 5, further charaetei-lsedrn that: 
the maicnrng tircult Is a oapacity coupled m paraJlel with the terminating resistance. 

7. A gate antenna device comprising a pturaTrty ^of antennas, wherein the plurallty of antannaa rndude a power*fed 
antenna to which a signal current la aupplled and a non-power-ted antenna to wtiich no signal currem ia supplied, 
whoroin the plurality of antennas are loop antennas having an open plane and whorein the pturali^of loop antennas . 
Include a powervilVKi loop antenna to which a signal current Is supplied and a non-power-fed antenna to which no 
signal current Is supplied, 

^ wherein a terminating resistanca Is connected to the bop antennas. 

8. The gate antenna device acconeflng to dalm 7, wherein a resonance circuit Is connected to the non-power-fed locp 
antenna. 

^ 9. Tha gate antenna device according to claim 8, wherein the rasonenoe drcurt generates a frequency resonant to a 
desired Trequency and wherein the resonance frequency is variable. 

10. The gate antenna device according to claim 8, wherein the resonance circuit is a variable capacity connected in 
serias with the noii-power-fBd loop antenna* 

3S 

11. The gate antenna device according to claim 8, wherein a matching dicult Is connected to th« non-power-fed loop 
antenna. 

12. Th« gate antenna device according to olalm 9, wharain the matching circuit Is a capacity connected In parallel with 
40 the terminating rei^tange. 
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